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Abstract 
The main aim of the subjects dealing with graph theory and combinatorial optimization is to develop and deepen students’ 
capacity for logical and algorithmic thinking. Usually, after learning of basic graph concepts students are introduced to more 
complex algorithms with a polynomial time complexity at first. On the one hand, usually, there are more methods, which can be 
used for solving the same graph-problem, while on the other hand, using effective modifications of one algorithm, methods of 
solving various other tasks can be devised. To engage students to the subject a particular problem with a real life example or 
puzzle is introduced as a prototype of the explained concept or algorithm and suitable graph-representation of a problem is 
discussed. In the paper we devote attention to the role of puzzles as a useful study material supporting understanding of graph 
algorithms. On a case study we introduce puzzles, going from a simple to more complex one, as an appropriate Breadth-First-
Search algorithm background. The aim of the paper is to introduce our approach that can serve to pedagogues as good inspiration 
to their teaching. 
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1. Introduction 
The engagement of students belongs to crucial elements of successful teaching and learning process. In the subjects 
dealing with graph theory and combinatorial optimization well-prepared students should be able to describe various 
practical situations with the aid of graphs, solve the given problem expressed by the graph, and translate the solution 
back into the initial situation. To develop this skill we introduce to students a particular problem with a real life 
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example or puzzle as a prototype of the explained concept or algorithm and suitable graph-representation of a 
problem is discussed. Moreover, if an interesting task is assessed to each topic, students recall the explained subject 
matter much better and their engagement progresses when looking for similar examples. 
The paper follows two papers introduced this spring at the INSODE conference and published in [1], [2]. The 
first issue of the paper deals with students’ engagement. This is followed by a discussion concerning a role of 
puzzles as a useful study material supporting understanding of graph problems. On the Bread-First-Search (BFS 
shortly) algorithm background we introduce puzzles, going from a simple to more complex one. 
 
2. Students' engagement  
 
Students preferentially take in and process information in different ways: by seeing and hearing, reflecting and 
acting, reasoning logically and intuitively, analysing and visualizing, steadily and in fits and starts. Teaching 
methods also vary. Some instructors lecture, others demonstrate or lead students to self-discovery; some focus on 
principles and others on applications; some emphasize memory and others understanding. [3] The awareness of 
students learning style preferences can help the teacher to create a balanced study material taking into account 
poles of students´ learning style dimensions and in this way better engage students into a subject. 
In this chapter we briefly introduce the Index of Learning Styles and main result of a survey concerning learning 
style preferences of our students at first. Secondly, we devote attention to the educational principles that we consider 
as the most important. Finally, the advantages of the multimedia program GrAlg are mentioned. 
 
2.1. ILS 
 
Dr. Felder in collaboration with Dr. Linda K. Silverman formulated a model of learning styles generally referred 
to as the Felder-Silverman learning style model. Based on this model the Index of Learning Styles (ILS shortly), an 
on-line instrument used to assess preferences on four dimensions (active/reflective, sensing/intuitive, visual/verbal, 
and sequential/global), was developed by Richard M. Felder and Barbara A. Soloman. [3] Due to the fact that the 
ILS may be used at no cost for non-commercial purposes by individuals who wish to determine their own learning 
style profile and by educators who wish to use it for teaching, advising, or research (see [4]) we have used it at our 
university (moreover prof. Felder is aware about it and we got his personal permission). 
In the academic year 2012/13, in the attempt to improve the teaching and learning within the subject “Graphs and 
graph algorithms” dealing with graph theory and combinatorial optimization, the above mentioned ILS was 
implemented in the appropriate course GRAFALG into the virtual learning environment Moodle. (cf. [5]) At the 
beginning of the semester students are asked to fill in the ILS and their preferences are collected in the form of 
preference graphs (see Fig. 1). 
 
ACT          X                                        REF 
11  9   7   5   3   1   1   3   5   7   9   11 
<-- --> 
 
SEN          X                                        INT 
11  9   7   5   3   1   1   3   5   7   9   11 
<-- --> 
 
VIS      X                                            VRB 
11  9   7   5   3   1   1   3   5   7   9   11 
<-- --> 
 
SEQ                              X                    GLO 
11  9   7   5   3   1   1   3   5   7   9   11 
<-- --> 
Fig. 1. ILS graph with preference dimension 
 
The main result gained from preference graphs sustains our expectations that almost all students prefer visual 
learning style. This recognition corresponds with our teaching principles that the author of the paper has used in her 
education for many years. (Remark: A detailed analysis of our students’ ILS source is not the subject of this paper.) 
2.2. Teaching principles  
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The main aim of the subject “Graphs and graph algorithms” is to develop and deepen students’ capacity for 
logical and algorithmic thinking. Our approach to the development of logical and algorithmic thinking of students 
can be characterized by the following basic principles that we apply in our teaching.  
 
• When starting explanation of new subject matter, a particular problem with a real life example or puzzle is 
introduced and suitable graph-representation of a problem is discussed.  
• If possible, each concept and problem is examined from more than one point of view and various approaches to 
the given problem solution are discussed.  
• Visualization of the particular issue as well as it is possible is done.  
• The explained topic it thoroughly practiced and students’ examples describing the topic are discussed.  
 
2.3. Multimedia application Gralg 
 
To support visualization of the particular issue we have the program GrAlg (Graph Algorithms) created in the 
Delphi environment by our student within his thesis available.  
The program enables the easy creation and modification of graphs. It also makes it possible to display some 
graph properties of the given graph, to add colour to vertices and edges, and to change positions of vertices and 
edges by “drop and draw a vertex (an edge respectively)”. In this way users have the possibility to emphasize with 
colours basic graph-concepts and graph algorithms on graphs created within the program. 
One of the biggest advantages of the GrAlg program is the possibility to run applications visualizing all of the 
subjects explained algorithms in a way from which the whole process and used data structures can clearly be seen. 
Another very useful option is the possibility to open more than one window so that two (or more) objects or 
algorithms can be compared at once.  
The GrAlg program provides students with a substantial help in their self-study process. By its practical use 
students can revise subject-matter and understand it more deeply. 
Using the GrAlg program teacher can complete his/her explanation within lectures in such a way that the topic is 
more comprehensible; the possibility to use colours allows the teacher to emphasize needed objects and relations; 
the option to open more than one window enables to explain the problem from more points of view and show mutual 
relations among used concepts and algorithms. Moreover, the possibility to save each created graph in bmp format 
allows teachers easy insertion of needed graphs into another study material (text, presentation) supporting visual 
learning style which most students have. 
 
2.4. Puzzles as a prototype of a topic 
 
To engage students into a subject motivation and practical approach is really welcomed. Students need to “touch” 
the theoretical knowledge. They remember the explained matter much better if they have an example available, an 
enjoyable-funny example above all. (cf. [6]) 
Let us demonstrate two task-settings, both suitable when speaking about “covering a graph with the minimum 
trails as possible”. 
a) Find the number of the minimum trails as possible covering the graph given on the Fig. 2. 
b) Find the number of the minimum trails as possible covering the pig given on the Fig. 3. 
 
It is obvious that students prefer the tasks which are similar to the second one; they like it and recall and remind it 
very well. Besides, the pig demands to be translated to a graph at first (see Fig. 4), find a solution and translate the 
solution back into the initial situation (see Fig. 5). Such an example really serves as an excellent prototype of the 
above-mentioned topic. 
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 Fig. 2. The given graph  Fig. 3. The pig 
 
                       
 Fig. 4. Translation of the given pig into a graph  Fig. 5. The gained solution – 4 trails are needed 
 
3. Bread-First-Search in puzzles 
 
 Puzzle 1: Let us have a look at the Fig. 6. There are two types of cells (fields); white and black. The task is to 
find a way to move from the point S (Start) to the point P (Post) using the smallest number of steps possible keeping 
the following rules:  
• One step means to go on one cell. 
• Go either horizontally or vertically. 
• Do not enter nor go through black cells.  
 
Fig. 6. Picture to the given puzzle 1 
 
Puzzle 2: Let us have a look at the Fig. 7. There are two types of cells (fields); white and black.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Picture to the given puzzle 2 
The task is to find a way to move from the point S to the point C using the smallest number of steps possible 
keeping the following rules:  
• One step means to go on two (by the speed 2) or three (by the speed 3) cells. 
• Go either horizontally or vertically. 
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• On S your speed is 2. As soon as you enter a circle, change the speed to 3 and as soon as you enter another 
circle, change the speed to 2 etc.  
• Do not enter nor go through black cells.  
(Note: You can enter the same cells more time.) 
Puzzle 3: A traveler wants to travel from a castle A to castle B. The traveler has a map with the two castles and 
cities between the castles. The cities are structured in n layers according to their distance to the castles. Given an 
arbitrary layer, all cities in have a direct path to every city in neighbouring layers   and  . Cities in the 
first and last layer are connected directly to castle A and B respectively. Each city on the map belongs to one of the 
castles, A or B. Some pairs of the cities are in war and when the traveler visits a city that is in war with some 
previously visited city, he will be imprisoned and won’t reach his goal. Thankfully, political power of the castles 
ensures that cities belonging to the same castle are never in war. The traveler has a list of cities that are in war, 
allowing him to find a safe path (if such exists). Because of a large number of cities on the map, it’s not possible to 
check all possible paths, as there are exponentially many of them. Devise a fast (polynomial time) algorithm to find 
a safe path between the two castles.  
Obviously, the first puzzle is simple and it serves as suitable prototype of the BFS algorithm usage. The second 
puzzle demands good imagination when translating the problem into graph representation. (Remark: Solutions of the 
first two puzzles are given in [7].) Third puzzle is a complex problem that is good to introduce when speaking about 
NP-complete problems. (Remark: Description and solution of the puzzle is given in [2].) 
 
4. Conclusion 
 
 In the paper we show one of possible ways of how to enhance education of subjects dealing with graph theory 
and combinatorial optimization, and thus make it more enjoyable. We can achieve that by using appropriate puzzles 
that can serve as a prototype reminding the explained subject matter and further as motivation examples enabling 
students to get a deeper idea about the explained subject matter usage. We would like to emphasise that puzzles are 
also very good tool enhancing students’ imagination.  

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